S TUDIES of the effects of 2,2-dichloropropionic acid (dalapon) on plants have been directed mainly toward its phytotoxic action on weedy grasses, and most studies of its mode of action have been done with microorganisms. Such studies have shown that the action of several enzymes utilizing pyruvate as substrate, some of which do not require coenzyme A as a cofactor, are inhibited by dalapon (3). Other studies showed that dalapon inhibits the enzymatic synthesis of pantothenate (6), which is an integral part of the coenzyme A molecule. Reduction in the synthesis of coenzyme A could markedly influence the oxidation of organic acids via Krebs cycle. CoA is required for pyruvate and a-ketoglutarate oxidation as well as citrate synthesis. Since Krebs cycle acids are intimately involved in meeting energy requirements and providing building blocks for growth, the interference of dalapon in any way with this cycle would decrease growth.
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Dalapon-induced malformations and instability in wheat and barley were recently reported (5). Plants grown from seed of dalapon-treated plants also snowed typical malformations up to the third generation (2).
Both differentiation and growth could be the end result of dalapon-induced changes in enzyme activities related to energy metabolism and synthetic intermediates. Thus, it seemed of interest to determine if an early application of dalapon would affect organic acid metabolism throughout the growth period of the plant. The total content of stable organic acids was measured as an index of the over-all organic acid metabolism.
MATERIALS AND METHODS
Ramona 50 wheat and a commercial formulation of dalapon 3 were used. Seeds were germinated in darkness on filter paper suspended to touch 200 ml. of a solution of dalapon contained in a tray. Corresponding control seeds were germinated in distilled water. Each germination was for two days, after which the seedlings were analyzed or transplanted. Each experiment was repli-cated several times, and data are presented which showed consistent trends.
Fresh plant materials were inactivated and extracted by homogenizing 1 g. of plant tissue per 20 ml. of 95% boiling ethanol, centrifuging, decanting, and filtering the supernatant. The extraction was repeated three times and was essentially complete after the third extraction.
The supernatant was then fractionated into cation, anion, and neutral fractions by treatment with 1R 120 and IRA 400 exchange resins.
Organic acids in the anion fractions were identified by onedimensional paper chromatography in 2 solvent systems: etheracetic acid-water (5:2:1) and amyl alcohol-5 N formic acid (1:1). Organic acids were quantitatively separated on a silica gel column according to the method of DeKock and Morrison (1) with solvents equilibrated with 0.1 N H 2 SO 4 in glycerol-water (1:1, v/v) as stationary phase. Fractions of 5 ml. each were collected in test tubes by a fraction collector. Organic acids were extracted from the eiuting mixture with 2 ml. of carbonate-free water and titrated with 0.002 N NaOH with phenol red as indicator by means of a microburette. The organic acids in each peak were chromatographed on paper using the solvents mentioned above. Identification was made by a comparison of RF values with those of authentic standards as well as by a comparison of the relative positions of the titration peaks with authentic standards.
A typical separation of authentic organic acid standards is shown in Figure 1 .
RESULTS AND DISCUSSION
The physiological effects of dalapon on the wheat seedlings studied were manifested by a progressive retardation of the rate of elongation of plumule and radicle, especially between concentrations of 6.5 X 10~s and 1.3 X 10~2 At dalapon. Concentrations greater than 1.3 X 10~2 Af inhibited the germination of a large proportion of seeds, whereas concentrations greater than 2.6 X 10~2 Af had an acute lethal effect.
Earlier work has established the changes in organic acids in wheat plants as they age. In the seedling state aconitic acid was the major acid which accumulated. As the plants age, however, aconitate tended to decrease while malate and citrate increased (4). Our data showed that in 2-dayold germinated seeds citrate and malate comprised the major portion of the total organic acids.
The data in Table 1 show the effects of increasing concentrations of dalapon in the germinating medium on the amounts of individual organic acids extracted from wheat
